Sucrose Synthase and the Fruit of Its Labor
ductive sense, but what are the mechanisms that cue floral organs for development into fruit? How does the plant negotiate the distribution of its assimilated carbon to the developing fruit so as to determine the balance between productive and aborted fruit set?
Whereas the hormonal, genetic, and enzymatic bases of fruit ripening have been elaborated in some detail, relatively little is known about the molecular events of early fruit development. Nevertheless, the early development of tomato fruit, which may be taken as a model system, can be divided into two phases (Gillaspy et al., 1993) . The first of these is characterized by rapid cell division, and is followed by a period of cell expansion and limited division that allows for fruit enlargement. Only recently have molecular data been collected that corroborate the recognition of these two early phases. Specifically, heightened cyclin-dependent kinase activity is detectable through the first phase, whereas endoreduplication tends to characterize the expanding cells of the second (Joubès et al., 1999) . The genetic programs that account for early fruit development have yet to be elaborated, although at least one homeotic gene involved in development of the Arabidopsis silique has been identified (Gu et al., 1998) .
To the extent that fruits are typical sink organs that grow as a function of the photosynthetic assimilate that they receive, at least some of the molecular players that participate in fruit growth can be inferred. The activities and regulation of those enzymes and transporters that provide the fruit sink with sugars would seem to warrant particular investigation. Indeed, sugars that travel from source leaves (principally in the form of sucrose) to the fruit via the phloem serve not only as the carbon material for the construction of developing fruit tissues, but also act to regulate a variety of plant genes that may be more intimately involved in development per se (Koch, 1996) .
In this issue of THE PLANT CELL, on pages 2407-2418, D'Aoust et al. explore the dependency of tomato fruit production on sucrose synthase, an enzyme that is central to the metabolic interplay of sucrose, hexoses, and starch synthesis. The enzyme, catalyzing the reversible conversion of sucrose into fructose and UDP-glucose, has been studied in several plant species and is generally regarded to represent the dominant cytosolic activity that cleaves the glycosidic bond of sucrose. In potato plants, sucrose synthase has been regarded as the first catalyst on the metabolic pathway from sucrose to starch as well as a determinant of sink strength in tubers (see Zrenner et al., 1995) . In the case of Lycopersicon esculentum , the enzyme has similarly been implicated in regulating the import of sucrose into the fruit (Wang et al., 1993) . To investigate this possibility more fully, D'Aoust et al. explore the effects of antisense inhibition of the fruitspecific sucrose synthase in tomato.
The authors have generated a number of lines containing an antisense sucrose synthase transgene that leads to significantly reduced fruit sucrose synthase activities. The most obvious result of the antisense strategy is the significant diminution in the number of fruits produced per plant. The reduction in fruit yield is not due to a reduced rate of flowering, but rather arises from a greater tendency of the plants to abort fruit sets. But the more telling story of sucrose synthase and fruit production comes from following the development of the transgenic fruit over time and, further, by correlating the levels of reduced sucrose
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synthase activity among the lines with differences in fruit characteristics.
The macroscopic consequences of inhibiting the enzyme in vivo are not particularly striking upon observation of fruit at a few weeks after anthesis: The sucrose (and glucose) content is equivalent in transgenic and wild-type fruit. Rates of transgenic fruit growth are not markedly different from those of control fruit, moreover, and measurements of sucrose import into fruits and its conversion to starch also fail to differentiate between antisense-inhibited and control plants. As the authors point out, the steadfastness of starch synthesis, which is in contrast to the findings from the antisense-inhibited potato system, is in part due to a tomato fruit invertase activity that, at mid to late stages of development, is no less than three orders of magnitude greater than that of potato tubers.
But the invertase content of the tomato can clearly not compensate for all of the metabolic consequences of reduced sucrose synthase activity. Indeed, in the early stages of fruit development ( ‫ف‬ 7 days after anthesis), the loss of sucrose synthase activity in the transgenic L. esculentum plants is evident in multiple ways. For example, fruits that are set during the first week of transgenic plant flowering grow more slowly than do those of control plants. Correspondingly, and in contrast to the observations made at a few weeks after anthesis, rates of sucrose unloading into young fruit are greatly retarded in plants with low levels of sucrose synthase. To account for the difference between the normal rate of sucrose import in older and the retarded rate in younger transgenic fruit, the authors refer to the established difference in fruit development at one as opposed to multiple weeks post anthesis. Specifically, the younger fruit, characterized by smaller cells undergoing rapid division, is viewed as containing less vacuolar space to accommodate invertase, whereas the older fruit, as already noted, is rich in invertase by virtue of larger cell, and thus vacuolar, volumes. In this way, the greater levels of sucrose-metabolizing activity provided by invertase would be envisaged, in more mature fruit, to compensate for reductions of sucrose synthase.
Whatever compensatory enzymatic mechanisms may be at play in the cells of the authors' transgenic fruit, the role established for sucrose synthase in controlling sucrose import, at early stages of development at least, is an intriguing finding that should not be taken for granted. As pointed out in a recent review, the partitioning of photoassimilate in plants is not merely a function of the metabolic activities of source and sink tissues (Lalonde et al., 1999) . Rather, specific mechanisms of sugar sensing are basic to plant development, whereby both intra-and intercellular concentrations of carbohydrates are monitored so as to regulate processes of sugar transport. There is good evidence, for example, that the catalytic turnover of glucose by hexokinase is essential to sugar sensing in plants, just as it is in yeast (see Smeekens and Rook, 1997) . Furthermore, the involvement of sucrose synthase, along with other enzymes of sugar metabolism, has been reported recently in the monitoring plant carbon flux (Zeng et al., 1999) . Thus, D'Aoust et al. appear to touch on an emerging theme in plant biology-the contribution of sugar-metabolizing enzymes such as sucrose synthase to sugar sensing, assimilate import to sink tissues, and specific developmental programs. 
